The syndrome of left ventricular dysfunction in patients without obstructive coronary artery disease following central nervous system injury is termed neurogenic stunned myocardium (NSM). It has been described most commonly in association with aneurysmal subarachnoid hemorrhage. Nonspecific electrocardiogram (ECG) abnormalities, elevated troponin I levels, and reversible regional-wall motion abnormalities on echocardiogram are observed 1, 2 . In patients with subarachnoid hemorrhage-related NSM, angiography demonstrates normal coronary arteries and a transient left ventricular dysfunction 2 . A wide variety of neurologic etiologies may also give rise to NSM. These include but are not limited to intracerebral hemorrhage, ischemic stroke, traumatic brain injury, cerebral infarction, seizures, and metastatic brain tumors.
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BRIEF COMMUNICATIONS
There is a paucity of reports of hydrocephalus related NSM given the widespread use of cerebral spinal fluid shunts in the neurosurgical patient population. We report a case of NSM in a shunt dependant patient with acute hydrocephalus secondary to a shunt malfunction.
CASE REPORT
A 53-year-old woman had a witnessed collapse at home that was heralded by complaints of sudden onset chest pain and a severe headache. Her past medical history was remarkable for a ventriculoperitoneal shunt inserted 15 years ago to treat obstructive hydrocephalus secondary to a benign tectal region mass. She also suffered from chronic obstructive lung disease requiring home oxygen, hypertension, depression, and previous alcohol abuse. There was no prior history of coronary artery disease. Her medications were Ventolin, Atrovent, Avalide, Wellbutrin, Imipramine, Effexor, and Tryptophan. She smoked cigarettes and had no allergies.
On presentation to a peripheral hospital emergency department the patient was confused, agitated, and dyspneic. Apart from a leukocytosis (15.2 x10
3 ) and an elevated creatine kinase (395 U/L, normal range = 0-150 U/L), serum blood work including troponin I and toxicology was normal. A chest radiograph demonstrated hyperinflation. The patient was admitted for physiologic support related to the exacerbation of chronic obstructive pulmonary disease together with possible alcohol withdrawal and serotonin syndrome. The patient was stabilized with hydration, Solumedrol, and withdrawal of psychotropic medications. After 48 hours she became acutely dyspneic with a declining level of consciousness that required intubation. An arterial blood gas indicated hypercarbic respiratory failure. An ECG displayed ST segment elevation in the inferiolateral leads (II, III, AvF) ( Figure 1 ). These changes were transient in nature and markedly improved with intravenous nitroglycerin therapy. Blood work revealed an elevation in both creatine kinase (1751 U/L) and troponin I (7.11 ug/L, normal range = 0-0.1 ug/L). An ECG demonstrated left ventricular apical akinesis but with a normal ejection fraction. The patient was extubated within 24 hours and was transferred to our facility with the diagnosis of ST elevation myocardial infarction. A brain computed tomogram (CT) scan had been performed but was interpreted only as being abnormal prior to transfer. It demonstrated dilation of the lateral and third ventricles and compression of cortical sulci consistent with obstructive hydrocephalus secondary to shunt malfunction. En route the patient's level of consciousness deteriorated and she was reintubated. Her glascow coma scale was 7T. She was assessed by the cardiology service and was noted to have normal cardiovascular function and no signs of congestive heart failure. A repeat CT showed clearly enlarged third and lateral ventricles Following this maneuver the patient immediately roused and was able to follow commands. A plain radiograph series of the shunt showed that the peritoneal catheter was not present over the chest and was coiled in the peritoneal space (Figure 3) . A coronary angiogram was performed that demonstrated angiographically normal coronary arteries. An external ventricular drain was inserted. An magnetic resoance image (MRI) the following day clearly demonstrated aqueductal obstruction due to the tectal region lesion (Figure 4) . The patient underwent an endoscopic third ventriculostomy. The ventriculoperitoneal shunt was removed and was confirmed broken distal to the shunt valve along the peritoneal catheter. A post-operative cine MRI demonstrated pulsatile flow of CSF through the third ventriculostomy ( Figure 5 ) and a concordant decrease in the degree of hydrocephalus ( Figure 6 ). Her post-operative course was unremarkable and she remained alert and able to follow commands. The patient had no further cardiac problems. She was transferred back to her peripheral hospital after three days. A brain MRI with cine sequences was performed at follow up one month after discharge. It demonstrated a patent third ventriculostomy with decreased ventricular size. There were no cardiac issues noted in the clinical history at that time.
DISCUSSION
We present a case of a patient with clinical features and cardiac investigations that are suggestive of NSM which was precipitated by a ventriculoperitoneal shunt malfunction. The patient's reduced level of consciousness was related to acute hydrocephalus that was amenable to shunt tapping. With regard to elevated intracranial pressure, the association of NSM due to acute hydrocephalus has been associated with obstructive mass lesions. These include a third ventricular colloid cyst 3 in an adult and a posterior fossa mass and a tectal glioma in two pediatric patients 4 . Neurogenic stunned myocardium has been documented in a patient with hemorrhagic brain contusion and cerebral edema whose cardiac function resolved following a decompressive craniotomy 5 . Similarly, the mechanism of NSM in our patient was likely due to acute elevation of intracranial pressure.
The pathogenesis of NSM has been hypothesized to be due to excessive sympathetic nervous system activation 1 . The transient left ventricular dysfunction described with NSM may resemble an acute myocardial infarct with non-specific ECG changes and cardiac marker derangements 6 . Echocardiograms in NSM show regional wall motion abnormalities such as apical sparing that are not consistent with the patterns observed in acute coronary syndrome 2 . In our patient echocardiography demonstrated apical hypokinesis. We did not observe left mid-ventricular wallmotion abnormalities and apical "ballooning" that specifically characterizes tako-tsubo cardiomyopathy 6 . It has been noted that the cardiac dysfunction observed in subarachnoid hemorrhage related NSM overlaps significantly with tako-tsubo cardiomyopathy and that both syndromes likely share the same pathogenesis 1 . Interestingly, tako-tsubo cardiomyopathy has been observed to predominately occur in postmenopausal women 6 . It has been proposed that sudden death in acute CSF obstruction may be related to acute neurogenic cardiac dysfunction rather than acute hydrocephalus with brain herniation and respiratory compromise 3 . Similarly, myocardial injury may potentiate death in acute hydrocephalus secondary to shunt failure. In patients with severe hydrocephalus, NSM may result in reduction of cardiac output and the risk of cerebral hypoperfusion similar to that observed following high grade subarachnoid hemorrhage.
The clinical presentation of a shunt malfunction is typically related to the acuity of the rise of intracranial hypertension. In patients that are shunt dependent, a malfunction leads to a more precipitant decline and may result in neurological injury if treatment is delayed. The initial symptoms of shunt malfunction are nausea, vomiting, and headache, and may progress to include an altered mental status marked by lethargy, irritability, and drowsiness. Rather than replace the shunt an endoscopic third ventriculostomy was performed. This procedure as an alternative to shunt revision has resulted in shunt independence in approximately 80% of patients with obstructive hydrocephalus 7 . Although our patient complained of chest pain and headache at presentation, her cardiac abnormalities became apparent after two days in hospital and coincided with a decline in her level of consciousness. It has been noted that NSM may occur immediately or be delayed following aneurysm rupture 1 . The delay in the decline of her level of consciousness may have been due to compensated hydrocephalus or the marginal flow of CSF through a tenuous subcutaneous fibrous tract left by the broken peritoneal catheter. It is interesting to note that the brain CT performed at the peripheral hospital was initially interpreted as being normal. Computed tomogram scans of shunt dependant patients with hydrocephalus may show no change or minimal change but still result in symptoms due to decreased ventricular compliance.
This case example highlights the need to consider the diagnosis of NSM in patients presenting with myocardial dysfunction and a history of shunt dependant obstructive hydrocephalus. Until otherwise proven a decline in level of consciousness should be attributed to shunt malfunction and treatment should be directed at ruling out acute hydrocephalus. With treatment of the underlying neurologic precipitant, patients usually go on to a full cardiac recovery 1, 3, 4 .
